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Abstract—In this paper, a continental shelf model is presented 
for the Western Atlantic Ocean, the Irish Sea, the North Sea 
and the Baltic Sea. The model is implemented in TELEMAC-
2D. Using its unstructured mesh capabilities, the grid is refined 
in the Belgian Coastal Zone. The model is shown to have 
predictive skills for the tidal signal in the Belgian Coastal Zone 
using lateral boundary conditions from Topex. Then the model 
was used to hindcast the water levels of the cyclone Xaver in 
December 2013. Also during this cyclone, the model shows 
good predictive skills 
 
I. INTRODUCTION 
The Belgian Coastal Zone is a vitally important region for 
the Belgian economy, due to the presence of large harbours 
and other economic activities such as wind farms. The 
Belgian Coastal Zone is physically characterised by a large 
water level amplitude (up to 4 m during spring tide 
conditions), small water depths (less than 50 m, even less 
than 20 m in large areas), high suspended sediment 
concentrations, and the presence of many large scale 
bathymetric features with spatial scales of a few kilometre 
and a height of various meters, the so called Flemish Banks. 
Reliable mathematical models for predicting the water 
levels and flow velocities in this zone are therefore highly 
desirable. Such a model must be able to do accurate 
predictions during normal periods, in which the main forcing 
for the water levels and velocities is coming from the tidal 
wave that enters the North Sea from the North, with a 
secondary influence of the tidal wave that enters from the 
South through the Dover Strait. However, it must also be 
able to give adequate predictions during extreme conditions 
when strong winds and large atmospheric pressure gradients 
are present. The objective of the present paper is to present a 
continental shelf model in TELEMAC 2D, which can give 
accurate prediction of the water levels in the Belgian Coastal 
Zone. The model setup is presented first. This is followed by 
a description of the validation of the model for normal tidal 
conditions, in which the tidal components from the model are 
compared with those from Topex. In order to show the 
capabilities of the model during extreme conditions, a 
hindcast of the extratropical cyclone Xaver in December 
2013 is presented next. The paper is ended with some 
conclusions. 
II. MODEL SETUP 
The model of the continental shelf model includes the 
Western Atlantic Ocean, the North Sea, the Irish Sea and the 
Baltic Sea (Fig. 1). The grid consists of 49440 nodes with a 
minimal grid size of 500 m in the Belgian Coastal Zone 
(Fig. 2), which increases to a grid size of 35 km in the open 
sea. Grid refinement is applied in some zones such as the 
Dutch Wadden Islands, and Eastern Denmark. The Scheldt 
river estuary is partly included in the model using a channel 
mesh, thus allowing the tidal wave to propagate sufficiently 
far into the estuary, such that the influence of the river flow 
on the tide in the coastal zone is taken into account well. The 
fresh water discharge from the rivers was neglected, since its 
magnitude is very small compared to the discharge from the 
tidal flow in the estuary. 
 
Figure 1.  Bathymetry and computational grid (WGS84 UTM 31). 
 
Figure 2.  Detailed view of the bathymetry and computational grid in the 
Belgian Coastal Zone (WGS84 UTM 31). Also indicated are the 
measurement locations at Oostende and de Wandelaar. 
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At the open boundaries, water levels are applied from 
OSU/TPXO [1,2]. These data are also used as initial 
condition for the water levels. TELEMAC 2D is used for the 
simulation, with a time step of 5 minutes. A constant Coriolis 
coefficient of 1.13 10-4 was used in the model. 
A calibration was performed, adapting the calibration 
coefficients for the tidal water level at the boundary as well 
as the bed roughness using available data of water levels in 
the model domain from myOcean.eu.  This resulted in a 
calibration coefficient for the water level of 1.0 and a 
Manning roughness coefficient of 0.0235 s/m1/3. 
III. VALIDATION OF THE TIDAL SIGNAL 
An analysis was done on one month of data from the 
model as well as from the measurements from myOcean.eu 
using T_Tide [3] (Fig. 2 and 3). The tidal components are 
predicted quite well by the model. From this analysis, it 
appears that the M2 component is by far the strongest. The 
S2 and N2 components have a similar amplitude. All other 
components are weaker.  
 
 
Figure 3.  Amplitude of the tidal constituent at de Wandelaar for measured 
(myOceans.eu) and modelled water levels. 
In order to validate the model without the meteorological 
influences, the tidal amplitude and phase of the tidal 
constituents are calculated from the model results for a one 
year simulation, and then compared to those from Topex. 
Because the M2 constituent is by far the most important 
one, we limit the comparison in this paper to that constituent. 
The map of the calculated M2 constituent in the model area 
is shown in Fig. 4. In this figure, also the differences of the 
calculated amplitude with the one from Topex are shown. It 
shows that large tidal ranges are found in the Belgian coastal 
Zone, parts of the French Coast (especially in Normandy) 
and the west coast of England and Wales (especially in the 
Severns estuary). The differences between Topex and our 
model are below 0.5 m in a large part of the model domain. 
The differences tend to be larger in shallow areas and close 
to the coast. In this region, our model is expected to be more 
accurate than Topex, because the resolution is higher and the 
physical processes occurring in shallow water are better 
included in TELEMAC than in Topex. The model results 
clearly show that the tidal amplitude is very small in the 
Baltic Ocean. Indeed, meteorological influences are known 
to be the most important influence for explaining the 
occurring water level variations in that area. 
 
 
Figure 4.  Co-range maps from the model (top) and difference with Topex 
(bottom) for the M2 tide. 
The co-tidal map for the M2 component is shown in 
Fig. 5. In this map, the lines of equal tidal phase are shown as 
calculated in Telemac (blue) and Topex (red). The lines agree 
well in the North Sea, the Irish Sea and the Western Atlantic. 
The location of the amphidromic points in the North Sea are 
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calculated correctly by the model. The results in the Baltic 
Sea differ substantially. This is expected, as the tidal 
amplitude is very low there, and hence the tide is not an 
important process in that area. 
 
Figure 5.  Co-tidal maps from the model and Topex 
IV. HINDCAST OF THE CYCLON XAVER 
The cyclone Xaver is an extratropical cyclone that 
occurred from December 4th to December 10th 2013. It 
formed in Greenland and grew while travelling North of 
Scotland up to the Baltic Sea. During the cyclone, the air 
pressures decreased to 962 mb and wind velocities up to 130 
km/h were observed. Because of the storm, fifteen people 
lost their lives, traffic was disturbed, and power losses 
occurred. The storm also led to increased water levels around 
the North Sea and even to inundations in England and Wales. 
In the Belgian municipality of Bredene, more than 2000 
individuals had to be evacuated, because of the risk of an 
inundation. 
In order to perform a hindcast of the storm, the model 
was run from December 1st 2013 to December 31st 2013. 
Atmospheric pressure data and wind velocities from GFS 
(the global forecasting system) were used. These data had a 
spatial resolution of 0.5 degree and a temporal resolution of 3 
hours. Linear interpolation was used to interpolate the data 
on the TELEMAC grid. Interpolation in time of the wind 
velocities and atmospheric pressure was also done using 
linear interpolation. 
The results of the model are shown in Fig. 6 and Fig. 7. 
In this figure the observed water levels (from myOcean.eu) 
are shown in combination with the modelled water levels for 
the Belgian coastal city of Oostende, as well as for de 
Wandelaar, a slightly more offshore measurement station 
close to the harbour of Zeebrugge. 
The results are adequate. One can clearly see that the 
model predicts the peak at December 5th in the water levels 
well. The modelled water levels differ only from the 
observed one by 0.1 m. For the complete modelled period, an 
average bias error of 0.02 m and a root-mean-squared error 
of 0.37 m were observed for all measurement stations.  
 
Figure 6.  Modelled and measured water levels in Oostende during the 
cyclone Xaver. 
 
Figure 7.  Modelled and measured water levels on de Wandelaar during 
the cyclone Xaver. 
V. SUMMARY AND CONCLUSIONS 
In this paper, a continental shelf model was presented for 
the Western Atlantic Ocean, the Irish Sea, the Baltic Sea and 
the North Sea. The presented model has the highest spatial 
resolution in the Belgian Coastal Zone, where the grid size 
decreases to 500 m. In this paper, two validations were 
performed. A validation of the tidal signal was done by 
calculating the co-range and co-tidal maps from the figure, 
and comparing them to the data from Topex. The results 
generally agree well in the North Sea and the Western 
Atlantic. In the Baltic Sea, the discrepancy is larger, which 
was expected, because the water level variations over there 
are mainly driven by atmospheric pressure variations and 
wind. A hindcast of the extratropical cyclone Xaver in 
December 2013 was performed. The peaks in the water level 
in the Belgian Coastal Zone were predicted quite well. The 
bias and rmse error in the water levels during this period 
were 0.02 m and 0.37 m respectively. 
Therefore, it is concluded that the continental shelf model 
is an adequate tool for the prediction of the water levels in 
the Belgian Coastal Zone. 
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